1. Introduction
===============

Gastrointestinal (GI) cancers are the most common types of human cancers and have become a critical public problem worldwide.^\[[@R1],[@R2]\]^ Despite great improvements in cancer diagnosis and treatment, approaches to distinguish tumor progression and prognosis of GI cancers still need to be improved.^\[[@R3],[@R4]\]^ A growing number of researchers try to seek promising biomarkers to predict the prognosis of GI cancers.^\[[@R5]--[@R8]\]^ However, up to now, no optimal biomarker with satisfactory specificity and sensitivity has been identified.

Systemic inflammatory response has been proved to play a crucial role in cancer progression.^\[[@R9]--[@R11]\]^ Previous studies have demonstrated several inflammatory indexes could predict the prognosis of GI cancers, such as platelet-to-lymphocyte ratio,^\[[@R6],[@R8]\]^ neutrophil-to-lymphocyte ratio^\[[@R12]\]^ and lymphocyte-to-monocyte ratio.^\[[@R13]\]^ Recently, several studies have shown that red blood cell distribution width (RDW) was associated with the prognosis of GI cancers.^\[[@R14]--[@R26]\]^ However, consensus on the prognostic significance of RDW in GI cancers has not been reached based on the current evidence because of the small sample size and contradictory results.^\[[@R16],[@R20],[@R21],[@R24],[@R25]\]^ Therefore, this meta-analysis was performed to explore the prognostic significance of RDW in GI cancers.

2. Materials and methods
========================

2.1. Literature search and selection
------------------------------------

The institutional review board of our hospital has approved this study. PubMed, Web of Science, Embase and Cochrane database were comprehensively searched on Jun 5th, 2018. The subject terms and literature search were as follows: ("red blood cell distribution width" OR "red cell distribution width" OR "RDW") AND ("cancer" OR "tumor" OR "neoplasm" OR "carcinoma") AND ("prognosis" OR "predict" OR "predictive" OR "survival"). There was no restriction on the language. The references of retrieved articles were also carefully checked to seek more relevant studies. The literature search and selection were completed by 2 authors independently. Any disagreement during the process would be solved by group discussion.

2.2. Inclusion and exclusion criteria
-------------------------------------

The inclusion criteria were as follows:

1.  patients were diagnosed with 1 type GI cancer;

2.  pretreatment RDW was collected;

3.  patients were divided into two groups based on the cut-off value of RDW (high RDW group and low RDW group);

4.  Data were enough to be extracted, such as overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), progression-free survival (PFS) or clinical parameters;

5.  full-text was provided to evaluate the quality. The exclusion criteria were as follows: duplicated publications or patients, reviews, comments, case reports, letters, animal experiments, cell experiments or inefficient data.

2.3. Data extraction and quality assessment
-------------------------------------------

For each included study, following information was extracted: the first author, country, sample size, gender, high or low level of RDW, cut-off value of RDW, type of GI cancer, outcomes and analysis model of OS. For prognostic items, such as OS, CSS, DFS and PFS, hazard ratio (HR) and corresponding 95% confidence interval (CI) were directly collected from published articles or indirectly obtained as described by Tierney et al study.^\[[@R27]\]^ The quality of each study was assessed using Newcastle-Ottawa Scale (NOS).^\[[@R28]\]^ This scale contained three domains: selection of participants, comparability of study groups, and the ascertainment of outcomes of interest. Study with NOS ≥7 was considered to be with relatively high quality.^\[[@R28]\]^

2.4. Statistical analysis
-------------------------

All analysis in this study was conducted with Review Manager 5.3 (Nordic Cochrane Center) and Stata 12.0 software (Stata, College Station, TX). For prognostic variables (eg, OS, CSS, DFS, and PFS), HR and corresponding 95% CI were utilized as the summary measures. For clinical parameters, such as gender, tumor differentiation and lymph node metastasis, odds ratio and corresponding 95%CI were used to detect the overall effects. Inter-study heterogeneity was assessed using Chi-square test and *I*^2^ statistic. A fixed-effect model should be utilized when *I*^*2*^ ≤ 50% or *P* \> .10. Inversely, a random-effect model should be applied on account of the obvious heterogeneity (*I*^2^ \> 50% or *P* \< .10). Forest plot was generated to detect the association between RDW and prognosis of GI cancers. Funnel plot and Begg test were conducted to assess the publication bias. Sensitivity analysis was conducted to confirm the robustness of results and Galbraith plot was used to detect the source of heterogeneity. The relationship between cut-off value of RDW and HR of OS was explored by Spearman analysis. *P* values \< .05 were considered statistically significant.

3. Results
==========

3.1. Literature search and selection
------------------------------------

As shown in Figure [1](#F1){ref-type="fig"}, a total of 573 articles were initially retrieved. After removal of duplicates, 285 articles remained for further evaluation. Then, 258 articles were directly excluded by scanning titles or abstracts. As for remaining 27 articles, 7 articles were excluded for not focusing on this topic, 5 articles for reviews or comments and 2 articles for insufficient data. At last, 13 studies containing 3509 patients with GI cancers were included into this meta-analysis.^\[[@R14]--[@R26]\]^

![Flow diagram of literature search and selection.](medi-99-e19588-g001){#F1}

3.2. Characteristics of included studies
----------------------------------------

The basic information of included studies was showed in Table [1](#T1){ref-type="table"}. There were 2551 males and 958 females. Ten studies were conducted in China,^\[[@R14],[@R15],[@R17],[@R19],[@R20],[@R22]--[@R26]\]^ 1 study was conducted in Japan,^\[[@R16]\]^ 1 study was conducted in Italy^\[[@R18]\]^ and 1 study was conducted in Turkey.^\[[@R21]\]^ Except for Sun et al study^\[[@R19]\]^ and Zhang et al study,^\[[@R22]\]^ there were 1150 patients in high RDW group and 1529 patients in low RDW group. Twelve studies reported cut-off value in the form of variation coefficient of RDW, ranged from 12.2% to 16.0%.^\[[@R14],[@R15],[@R17]--[@R26]\]^ The cut-off value of RDW was 50 in Hirahara et al study^\[[@R16]\]^ in the form of standard deviation of RDW. Five types of cancer were investigated, including esophageal cancer,^\[[@R14],[@R16],[@R19],[@R20],[@R22]\]^ gastric cancer,^\[[@R15],[@R21],[@R25]\]^ hepatocellular carcinoma,^\[[@R18],[@R24]\]^ colorectal cancer^\[[@R23],[@R26]\]^ and hilar cholangiocarcinoma.^\[[@R17]\]^ With respect to outcomes, 2 studies reported CSS,^\[[@R14],[@R16]\]^ 11 studies reported OS,^\[[@R15],[@R17]--[@R26]\]^ 9 studies reported clinical parameters,^\[[@R14]--[@R17],[@R20],[@R21],[@R23],[@R24],[@R26]\]^ 6 studies reported DFS^\[[@R15],[@R20],[@R22]--[@R24],[@R26]\]^ and 1 study reported PFS.^\[[@R25]\]^ Eight studies used multivariate analysis^\[[@R14],[@R16],[@R17],[@R20],[@R22]--[@R24],[@R26]\]^ and 5 studies used univariate analysis.^\[[@R15],[@R18],[@R19],[@R21],[@R25]\]^ All included studies had relatively high quality with NOS ≥7.^\[[@R14]--[@R26]\]^
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Characteristics of included studies.
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3.3. Meta-analysis for the association between RDW and OS
---------------------------------------------------------

Eleven studies covered OS^\[[@R15],[@R17]--[@R26]\]^ and 2 studies^\[[@R14],[@R16]\]^ covered CSS, all of them were included into the meta-analysis for the association between RDW and OS. As shown in Figure [2](#F2){ref-type="fig"}, a fixed-effect model was used (*I*^2^ = 43%), and high RDW was associated with shorter OS compared to low RDW in GI cancers (HR = 1.75, 95%CI = 1.57--1.94, *P* \< .01). Sensitivity analysis indicated a satisfactory robustness of results (Fig. [3](#F3){ref-type="fig"}). No obvious publication bias was observed based on the funnel plot (Fig. [4](#F4){ref-type="fig"}) and Begg test (*P* = .51) (Supplementary Figure 1). Galbraith plot showed Smirne et al study^\[[@R18]\]^ was the main source of heterogeneity (Supplementary Figure 2), and the heterogeneity was reduced (HR = 1.62, 95%CI = 1.45--1.83, *P* \< .01; *I*^2^ = 0%) after removal of Smirne et al study^\[[@R18]\]^ (Supplementary Figure 3).
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![Sensitivity analysis for the association between RDW and OS. RDW = red blood cell distribution width, OS = overall survival.](medi-99-e19588-g004){#F3}
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To comprehensively analyze the prognostic value of RDW in GI cancers, subgroup analysis was conducted. Especially, Smirne et al study was not included into the analysis on account of the obviously increased heterogeneity.^\[[@R18]\]^ As listed in Table [2](#T2){ref-type="table"}, high RDW was significantly related to worse OS compared to low RDW in GI cancers (*P* \< .05). There was no obvious association between cut-off value of RDW and HR of OS (*P* = .56) (Fig. [5](#F5){ref-type="fig"}).

###### 

Subgroup analyses for the association between RDW and OS.
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![Correlation analysis between cut-off value of RDW and HR of OS. HR = hazad ratio, RDW = red blood cell distribution width, OS = overall survival.](medi-99-e19588-g007){#F5}

3.4. Meta-analysis for the association between RDW and DFS
----------------------------------------------------------

Six studies reported DFS^\[[@R15],[@R20],[@R22]--[@R24],[@R26]\]^ and 1 study reported PFS,^\[[@R25]\]^ all of them were included into the meta-analysis for the association between RDW and DFS (Fig. [6](#F6){ref-type="fig"}). The results showed, compared to patients with low RDW, patients with high RDW tended to have worse DFS (HR = 1.67, 95%CI = 1.39--2.00, *P* \< .01; *I*^2^ = 0%). Sensitivity analysis confirmed the robustness of the results (Fig. [7](#F7){ref-type="fig"}). Funnel plot (Fig. [8](#F8){ref-type="fig"}) and Begg test (*P* = .07) (Supplementary Figure 4) showed there was no distinct publication bias among included studies.
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3.5. Meta-analysis for the association between RDW and clinical parameters
--------------------------------------------------------------------------

As listed in Table [3](#T3){ref-type="table"}, there was no obvious relationship between RDW and age (*P* = .09), gender (*P* = .65) or vascular invasion (*P* = .13). However, compared to low RDW, high RDW was significantly associated with larger tumor size (*P* \< .01), worse differentiation (*P* = .02), deeper invasion (*P* \< .01), earlier lymph node metastasis (*P* \< .01), more advanced clinical stage (*P* \< .01) and higher carcinoembryonic antigen level (*P* \< .01). The funnel plot showed there was no obvious publication bias among included studies (Fig. [9](#F9){ref-type="fig"}).
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Meta-analyses for the association between RDW and clinical parameters.
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![Funnel plots for the association between RDW and clinical parameters (a, age; b, gender; c, vascular invasion; d, tumor size; e, tumor differentiation; f, invasion depth; g, lymph node metastasis; h, clinical stage; i, CEA level). RDW = red blood cell distribution width.](medi-99-e19588-g012){#F9}

4. Discussion
=============

Previous investigations showed RDW might have the potential application to predict the prognosis of GI cancers, however, there is no agreement based on current evidence.^\[[@R15],[@R16],[@R18],[@R20],[@R23],[@R25]\]^ In this study, our findings showed high RDW might predict worse OS and DFS in GI cancers. Besides, high RDW was related to larger tumor size, worse differentiation, deeper invasion, earlier lymph node metastasis, more advanced clinical stage and higher carcinoembryonic antigen level in GI cancers. All these findings showed RDW could serve as a promising biomarker to predict the prognosis of GI cancers.

Our results, based on the subgroup analysis, showed RDW could predict the prognosis of patients with esophageal cancer. Xu et al previously performed a meta-analysis, but failed to detect the relationship between RDW and prognosis in esophageal cancer, which disagreed with our findings.^\[[@R29]\]^ This difference might be on account of the contribution of Hu et al study,^\[[@R30]\]^ which was not included into our study because it obviously increased the heterogeneity and reduced the accuracy of results. Besides, we firstly observed the association between RDW and prognosis in gastric cancer, colorectal cancer, hepatocellular carcinoma and hilar cholangiocarcinoma in the current study. Furthermore, the subgroup analysis classified by cut-off value of RDW was conducted and the significant relationship between RDW and OS remained. However, our results suggested cut-off value of RDW was not related to the HR of OS in GI cancers. Hence, researchers should pay more attention to identify the optimal cut-off value of RDW to predict the prognosis of GI cancers in future.

Although plenty of studies have explored the prognostic role of RDW in human cancers, the underlying mechanism remains vague.^\[[@R14]--[@R25]\]^ RDW may contribute to the cancer prognosis by correlating with other tumor biomarkers, such as interleukin-6, tumor necrosis factor-alpha and other cytokines.^\[[@R31],[@R32]\]^ In addition, chronic inflammation can lead to poor response to the chemotherapy, which may induce worse prognosis of cancer patients.^\[[@R33]\]^ What\'s more, RDW is believed to regulate the cancer progression by affecting the glycolytic process of tumor cells,^\[[@R34]\]^ and low RDW is found to be associated with increased incidence of diabetes mellitus.^\[[@R35]\]^ Therefore, high RDW may be a surrogate indicator of improved glucose metabolism, which is of great importance for the survival of patients with GI cancers. Therefore, more preclinical experiments are warranted to testify the accurate mechanism of the prognostic significance of RDW in GI cancers.

There were several highlights of this study. First, this study was the first meta-analysis to explore the prognostic significance of RDW in GI cancers. Second, the majority of analyses were conducted without obvious heterogeneity, which guaranteed the accuracy of the results. Third, subgroup analyses were comprehensively performed in this study, which provided adequate evidence on this topic. Fourth, a total of 3,509 patients were included into this study, and the relatively large sample size could offer persuasive evidence on the prognostic value of RDW in GI cancers.

Some limitations should be considered when interpreting the results of our study. First, the sample size in specific subgroup analysis was relatively small, which failed to obtain the forceful results. However, we have tried our best to seek relevant studies, and limited relevant studies might be duo to the novelty of this topic. Second, our study failed to identify the ideal cut-off value of RDW, which might lower the clinical applicability of the conclusion. Third, many factors might affect the prognosis of patients with GI cancers, such as clinical stage at initial diagnosis, treatments, pathological types of cancer and so on. However, individual\'s information was unavailable for us, which was an inherent shortcoming for all meta-analyses. Forth, we explored the prognostic value of RDW in GI cancers instead of one specific cancer, which might limit the applicability of our findings. Last but not least, most included studies were conducted in China, therefore, it might be difficult to generalize the conclusion into other countries.

5. Conclusion
=============

High RDW was significantly associated with worse prognosis when compared to low RDW in GI cancers, which could be regarded as a prognostic biomarker for GI cancers. More prospective studies with large sample size and long follow-up period should be carried out to determine the prognostic significance of RDW in GI cancers in future.
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